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Abstract 
The analysis of freeway weaving section has been a continuing challenge for the developers of the Highway Capacity Manual 
(HCM) methodologies.  With the release of the 2010 HCM, a completely updated methodology is now available to practitioners.   
This new methodology represents a substantial departure from previous methodologies.  In particular, the tabulation of weaving 
maneuvers is a critical driver, and the maximum length of a weaving section is now a dynamic value. 
With the release of the new methodology, transportation agencies and practitioners will be interested in specific assessments of 
its accuracy and logic.  To address that need, this research will present a cross-cutting assessment of the methodology.  The 
assessment was focused on two key attributes: 
• Sensitivity of parameters for determining weaving section length, and the differentiation between weaving and basic 
freeway segments. 
• A comparison of results from the 2000 and 2010 HCMs. 
The end result is guidance to agencies and practitioners implementing the 2010 HCM weaving procedures.                                  
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The freeway weaving analysis procedures in the 2010 Highway Capacity Manual (HCM) (1) represent a major 
departure from the current procedures.  The updated procedures are the direct result of National Cooperative 
Highway Research Program (NCHRP) Project 3-75 (2).  The research considered a wide range of options for new 
procedures, and ultimately focused on an approach that considers required and optional weaving maneuvers, and a 
dynamic assessment of the length of the weaving area.  The true test of the new procedures will be the wide 
application with the 2010 HCM, but the research suggests that the new procedures will be more accurate and 
flexible than the previous tools. 
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There are benefits to any improved methodology, but also challenges related to the transition. In particular, 
practitioners will have two broad areas of concern: 
 
x The operational predictions (e.g., density and speed) for weaving sections will be different in the 2010 
HCM.  Weaving sections that previously were calculated to operate at a particular level of service (LOS) 
with the 2000 HCM may be found to have a different LOS with the 2010 HCM. 
 
x The 2000 HCM has a maximum weaving length of 2500 feet.   The 2010 HCM procedures allow for 
weaving sections of any length.  This dynamic weaving length calculation means that some sections 
may be considered as weaving sections in the peak periods, but not throughout the day.   For 
practitioners, another issue is that some freeway sections longer than 2500 feet may now be considered 
weaving sections, so the results will be different. 
 
Note that “different” is not necessarily an issue – updated results are likely more accurate than before.  However, 
practitioners will be concerned about the extent of those differences as they are considering the switch to the new 
methodology.  This paper helps to address some of those concerns. 
 
This paper is a theoretical assessment of a broad range of potential weaving situations.  While theoretical, the 
analysis represents situations that commonly occur in the field, and reflects the range of analysis that can be 
expected for the new procedures. 
 
The general approach in the paper is to outline the experimental design, and then describe the types of analysis 
that were conducted.  The results focus on differences between the 2000 and 2010 HCM procedures, with 
conclusions about the results for practitioners as well as researchers considering extensions to the methodology. 
 
2. Body 
The focus of the analysis was on Type A weaving sections, where there is an added auxiliary lane between the 
on- and off-ramps.  There is one more lane in the weaving section than in the upstream and downstream sections.  
This configuration (for a three-lane weaving section) is illustrated in Figure 1, with traffic moving from left to right. 
 
 
 
 
 
 
 
 
Figure 1:  General weaving configuration  
 
 
2.1 Analysis parameters 
The experimental design for the comparative assessment considered a range of weaving conditions.  Two 
different sets of parameters were included:  parameters that were varied during the analysis, and parameters that 
were left unchanged. 
 
Five key parameters were varied during the analysis: 
 
x Number of lanes in the weaving section (3 to 5 lanes) 
x Length of the weaving section (500 to 7500 feet, in increments of 1000 feet) 
x Entering volumes from the on-ramp (0 to 1200 vehicles/hour, in increments of 300 vehicles/hour) 
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x Exiting volumes to the off-ramp (0 to 1200 vehicles/hour, in increments of 300 vehicles/hour) 
x Through (non-weaving) volumes on the outside through lane (1800 vehicles/hour, less the maximum 
volume on either ramp). 
 
Several parameters were held constant during the analysis: 
 
x Total volumes in the non-weaving (inside) lane(s) (1800 vehicles/hour/lane) 
x Basic segment capacity (2300 passenger cars/hour/lane) 
x Lane widths (12 feet) 
x Heavy vehicles (0 percent) 
x Driver population (commuter) 
x Interchange density (1.5 interchanges/mile) 
x Free flow speed (65 mph) 
x Lateral clearance (6 feet) 
 
Most of these parameters are straightforward.  The only complicated parameters are those related to traffic 
volumes.  The intent was to analyze weaving sections using volumes that were representative of peak period 
conditions, but not unreasonably high or low.  Relatively high volumes (1800 vehicles/hour/lane) were set on the 
non-weaving lanes, and the additional volume (up to 1200 vehicles/hour) was set on the ramp.  Ramp to ramp 
volumes were set at 0. 
 
The net result was that total traffic volumes were set at 52 to 73 percent of the total cross-sectional capacity (per 
lane capacity multiplied by number of lanes).  For example, the three-lane weaving section has a basic cross-
sectional capacity of 6900 vehicles/hour.  The total volume in the weaving section ranged from 3600 to 4800 
vehicles/hour (52 to 70 percent).  The volume percentages were similar for the other configurations. 
 
These percentages (52 to 73 percent) would be relatively low for a basic segment analysis, but anything more 
than 73 percent will generally result in LOS F for a weaving section. In other words, the weaving sections were 
analyzed at moderate to high traffic volumes. 
 
Also, note that vehicles and passenger car equivalents are used interchangeably.  To avoid complicating the 
analysis, no trucks or recreational vehicles (RVs) were included. 
 
The end result was that a total of 600 scenarios were evaluated with both the 2000 and 2010 HCMs.   The 600 
scenarios resulted from a permutation of 25 different input volume combinations, 3 different lane configuration, and 
8 different weaving length configurations.  The permutations are illustrated in Figure 2. 
 
 
 
 
 
 
 
Figure 2:  Analysis parameters 
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2.2 Analysis Tools 
Each of the 600 weaving sections was analyzed with the 2000 and 2010 HCM methodologies.  The analysis was 
conducted in a spreadsheet.  For the 2000 HCM, sections with a length of 2500 feet or less were analyzed with the 
weaving methodology (Chapter 24) and the longer sections were analyzed as basic sections (Chapter 23).    The 
spreadsheet implementation of the Chapter 24 procedures is somewhat complex, so the results were backchecked 
with the Highway Capacity Software (HCS). 
 
The analysis in the 2010 HCM includes a step to determine if a weaving analysis is needed.  The length of the 
weaving section is varied, so each weaving section was checked independently.  If the weaving length was less than 
the maximum, the section was analyzed as a weaving section.  Otherwise it was analyzed as a basic section.  In both 
cases, the 2010 HCM procedures were coded in a spreadsheet. 
 
2.3 Weaving Section Classifications 
One key difference between the 2000 and 2010 
methodologies is the definition of a weaving section.  
For the 2000 HCM, 38 percent of the analyzed sections 
were classified as weaving sections (i.e., anything 2500 
feet or less).  Of the remaining sections, about half 
were classified as weaving sections in the 2010 HCM 
only, and about half were not weaving sections in 
either methodology.   No sections were classified as 
weaving sections in the 2000 HCM but not the 2010 
HCM.  Figure 3 is a graphical summary of the 
classifications. 
Figure 3:  Weaving section classifications 
   The three-lane configuration was more likely to be classified as a weaving section with the 2010 HCM.   Almost 
half (62 of 125) of the three-lane sections greater than 2500 feet were still classified as weaving sections. For the 
five-lane sections, only 21 percent (26 of 125) of the long sections were classified as weaving sections. 
 
2.4 Analysis Results 
   Spreadsheets were used to tabulate the results for each scenario.   Multiple steps were needed for the calculations, 
but the end result was a table of the predicted density for each scenario. Figure 4 (for the 2000 HCM) and Figure 5 
(for the 2010 HCM) are summary tables for the four-lane configuration.  The highlighted cells show the density for 
the weaving sections; the remaining sections were analyzed as basic sections.  FR is the freeway to ramp volume, 
RF is the ramp to freeway volume, FF is the freeway to freeway volume, and VR is the weaving volume ratio.  
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Figure 4:  Density (passenger-cars/hour/lane) for four-lane section (2000 HCM methodology) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
Figure 5:  Density (passenger-cars/hour/lane) for four-lane section (2010 HCM methodology) 
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Several patterns were common to all the analysis: 
 
x Density decreases (in all cases) as the section length increases. 
x Density increases with increases in weaving volumes.  Weaving volumes have a larger effect on density 
than non-weaving volumes. 
x There is a jump in the density decrease where the section classification changes from weaving to basic. 
That jump is larger with higher values of VR. The jump is a little larger with the 2010 HCM. 
 
None of these results are surprising, given that both methodologies have been extensively validated.   
The more interesting assessment is the comparison of the density predictions between the two methodologies.  
For each weaving configuration, a comparison of the predicted densities (2010 HCM vs. 2000 HCM) was made.  
Figure 6 is an example for the four-lane sections.   In this case, the predicted densities for the 500-foot weaving 
sections are lower with the 2010 HCM, but the predicted densities are higher for the medium length sections (2500 
to 4500 feet). 
-10% indicates that the 2010 HCM densities are 10% less than the 2000 HCM densities 
 
Figure 6:  Density comparison for four-lane section (2010 HCM vs. 2000 HCM methodology) 
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Figure 7 is a summary of the comparisons
by the relative differences.  The line labeled 
predicted density is at least 10 percent less th
for all sections, and the remainder of the Figu
-10% indicates that the 2010 HCM densi
 
Figure 7:  Density comparison for all sec
 
The black shaded cells indicate where the
from the 2000 HCM.  In other words, the bl
the 2010 HCM.  The gray shaded cells are s
so the LOS may be worse. 
The results are fairly consistent for the dif
by both methodologies, the predicted densitie
range (0 to 2500 feet).  However, the 2010 H
higher densities for longer weaving sections.
lower for these sections, suggesting that the n
When only the 2010 HCM predicts a w
surprising result, since densities in weaving s
 
When neither methodology predicts a wea
Again, this is an expected result, because th
between the 2000 and 2010 HCMs. 
3. Conclusions 
Practitioners will find changes in predict
given the new approaches in the procedures.
feet is an important benefit for the study of c
 
 for all 600 sections.  The differences are summarized
“<-10%” is a count of the number of sections where th
an the predicted density from the 2000 HCM.  The fir
re is a breakdown for different types of weaving secti
ties are 10% less than the 2000 HCM densities 
tions (2010 HCM vs. 2000 HCM methodology) 
 density predictions for the 2010 HCM are frequently
ack shaded cells indicate where performance predictio
cenarios where the density predictions are higher wit
ferent configurations.  When a section is classified as 
s are very similar at the mid-range of the 2000 HCM 
CM predicts lower densities for short (500-foot) weav
 The end result is that the range of densities from the 2
ew methodology is less sensitive to weaving length.
eaving section, the densities are consistently highe
ections are higher than non-weaving sections, given th
ving section (the last set of lines in Figure 7), the resu
e methodologies for basic segment analysis did not c
ed density and LOS with the 2010 HCM.  These ch
  In particular, the ability to analyze weaving sections
ongested freeways. 
 in three groups 
e 2010 HCM 
st three lines are 
on classification. 
 lower than those 
ns are better with 
h the 2010 HCM, 
a weaving section 
weaving length 
ing sections and 
010 HCM is 
r.  This is not a 
e same volume.   
lts are very close.  
hange very much 
anges are logical, 
 greater than 2500 
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For some practitioners, a natural conclusion might be that there is a “problem” with these differences.  The 
perceived problem could be that the 2000 or 2010 HCM methodology is somehow incorrect, and this perceived error 
could result in concerns.  While any change requires careful consideration, practitioners should consider that the 
new methodology is a step forward in the approach for analyzing weaving sections.  Undoubtedly, there will be 
modifications in the future as the procedures are refined.   
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